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ARTICLE

Nitzschia transtagensis sp. nov. (Bacillariophyceae) from a spring in Southern
Portugal
Eduardo A. Morales a,b,c, Carlos E. Wetzel c, Maria Helena Novais a,b, M. Manuela Morais a,b

and Luc Ector c

aWater Laboratory, University of Évora, Évora, Portugal; bInstitute of Earth Sciences - ICT, University of Évora, Évora, Portugal;
cEnvironmental Research and Innovation Department (ERIN), Luxembourg Institute of Science and Technology (LIST), Belvaux,
Luxembourg

ABSTRACT
A new species of Nitzschia Hassall is described from a small spring in southern Portugal. Nitzschia
transtagensis sp. nov. has a unique morphology in the Lineares section, resembling Nitzschia
hierosolymitana, N. vitrea and its variety salinarum. The new species is unique in that it has
a convex primary (raphe) side with a slightly undulated abvalvar edge of the mantle, and
a clearly undulated secondary valve side. This taxon also has a dimorphic open, ligulate cingulum
composed of an apically asymmetric valvocopula having one row of roundish pores on the pars
interior and attached to the valve secondary side, and two rows of pores (one of roundish and one
of elongate pores) attached to the primary side of the valve. All remaining girdle elements have
a single row of approximately round pores. The new species is compared tomorphologically similar
taxa and its ecology is discussed based on available information and literature. Additionally, it was
found that a variant of the new species had been reported previously from Sardinia as “Nitzschia aff.
ebroicensis”, but the Italian population has coarser stria and puncta densities.
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Introduction

The genus Nitzschia Hassall comprises a large group of
morphologically diverse species (Mann 1981). Although
certain groups within the genus, such as the Lanceolatae
section (sensu Krammer and Lange-Bertalot 1988),
including the widely cited Nitzschia palea (Kützing) W.
Smith and Nitzschia inconspicua Grunow, are regarded
as lacking sufficient morphological differences to distin-
guish them reliably (Denys and Lange-Bertalot 1998;
Trobajo et al. 2013; Rovira et al. 2015), the reality is
that a taxonomy based on geographically and metapo-
pulation wide surveys is still under development.
Together with the study of type material, these metapo-
pulation studies could serve in a better delimitation of
taxonomic boundaries (Hlúbiková et al. 2009).

Though molecular studies prove to be useful in the
distinction of taxa with similar appearance (e.g. Lobban
et al. 2019), the analysis of morphological characters
using a combination of light (LM) and scanning electron
(SEM) microscopy continues to be a powerful tool to
find distinguishing features and producing clear cut
separations among populations regarded as single,
broadly circumscribed species (e.g. Tudesque et al.
2008; Morales 2015).

The recent efforts in using molecular tools to ease the
identification of Nitzschia species (e.g. Trobajo et al.
2010; Rimet et al. 2011, 2016) are impaired by a dearth
of complete reference databases for diatoms and the

difficulty to apply such incomplete information on
a broad geographical and taxonomically spread bases
(Zimmermann et al. 2014; Khan-Bureau et al. 2017).
Therefore, traditional morphological identification,
which is still largely used in applied ecological analyses,
still represents a viable tool and utilizes considerably less
and cheaper resources thanmolecular studies, evenwhen
SEM studies are included.

In fact, new species of Nitzschia are constantly being
described based on morphology, however, very few of
the new species can be considered as morphologically
strikingly different (e.g. Xie and Li 1994; Lundholm and
Moestrup 2000) and, therefore, the great majority often
require a strong literature support and taxonomic argu-
mentation (e.g., Hamilton and Laird 2001; Hamsher et al.
2016), and in some cases even the examination of type
material is necessary (Hlúbiková et al. 2009).

While some regions of Europe, e.g. central Europe,
have been largely explored for diatoms, but continue to
yield new taxa, some other regions are seriously under-
studied and the reference bibliography is poor and insuf-
ficient to represent the local floras. This is a serious
shortcoming for the implementation of the Water
Framework Directive (Wallin et al. 2003), which, at this
point, should already count with a rather strong taxo-
nomic basis for water quality determination. The Iberian
Peninsula is one of those regions in urgent need of
updated taxonomical works since water quality issues
are aggravated by dam construction and climate change
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(Morais 2008; Cardoso et al. 2016; Soares et al. 2017). To
date, there are only a few floristic works (e.g. Blanco et al.
2010), but the majority of information comes in the form
of articles focusing on specific groups (none on
Nitzschia), or specific habitats (e.g. Cantoral-Uriza and
Aboal Sanjurjo 2008; Novais et al. 2015).

In this manuscript, we describe a new Nitzschia spe-
cies in the Lineares section (sensu Krammer and Lange-
Bertalot 1988) from southern Portugal, collected from
a spring. The rather distinctive features of the new species
are described based on combined LM and SEM data and
contrasted to taxa from the literature.

Material and methods

Diatoms were collected in spring (May 26) and summer
(Sept. 21) 2017, and winter (Jan. 16) and spring (June 7)
2018 from the João Dias spring and the stream of the
same name formed by it (Guadiana basin, Figure 1,
coordinates 37º 51ʹ 17.75” N, 7º 18ʹ 00.52”W).

Simultaneously with diatom sampling, water chemis-
try was determined in situ using a multi parametric
probe TROLL 9500 PROFILER XP, measuring tempera-
ture (T, °C), pH, dissolved oxygen (DO, % of O2 satura-
tion), and electrical conductivity (EC, µS cm−1). In the
laboratory, the following parameters were determined
following APHA (1995) standard methods, total nitro-
gen (TN, mg N L−1), nitrates (NO3, mg NO3-N L−1),
nitrites (NO2, mgNO2-N L−1), total phosphorus (TP, mg
P L−1) and phosphates (PO4, mg PO4-P L−1).

Biological samples collected in the stream were
obtained by brushing 5–7 hand-sized rocks with
a toothbrush and washing them with ethyl alcohol
(96%), while the spring samples were collected from
moss. Aliquots from each sample were oxidized in the
laboratory with hydrogen peroxide (35%) in a sand bath
(210°C) for 36 h after which material was rinsed with
distilled water until neutrality (INAG 2008). Permanent
slides were mounted in Naphrax® and valves and frus-
tules were identified to species level using a Leica DMLB
light microscope equipped with a 100x HCX PL APO oil
immersion objective (N.A. 1.40) and a Leica DC 500
camera. A minimum of 400 valves were identified and
counted on each slide in order to assess the relative
abundance of taxa composing the community (INAG I.
P. 2008). The identification was based on reference floras
(e.g., Krammer and Lange-Bertalot 1986, 1988, 1991a,
1991b; Hofmann et al. 2011; Lange-Bertalot et al.
2017) as well as recent bibliographic sources, including
the series “Diatoms of Europe”, “Iconographia
Diatomologica”, “Bibliotheca Diatomologica” and rele-
vant taxonomic papers, such as Reichardt (1997), Van de
Vijver et al. (2011) and Novais et al. (2011).

For SEM analysis, a portion of the oxidized material
was rinsed with deionized water over a 3-µm pore glass
fiber filter and coated with platinum using a BAL-TEC
MED 020 Modular High Vacuum Coating System for
30 s at 100 mA. A Hitachi SU-70 electron microscope
operated at 5 kV and 10 mm distance was used for the
analysis. All micrographs were digitally manipulated

Figure 1. Localization of type locality in southern Portugal.
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and plates containing LM and SEM pictures were
mounted using CorelDraw X6®.

The Specific Pollution Sensitivity Index (SPI) was
calculated from diatom abundances (Coste in
Cemagref 1982), using the OMNIDIA v. 5.5 software
(Lecointe et al. 1993).

Morphological terminology follows Barber and
Haworth (1981) for valve shape and stria pattern,
Cox and Ross (1981) and Cox (2012) for lateral exten-
sions (virgae) and crossbars (vimines), and Round
et al. (1990) for areolar substructures, raphe and girdle
bands.

Results

Nitzschia transtagensis E.Morales, Novais, C.E.Wetzel,
Morais & Ector sp. nov.

(Figure 2–26)

Description
Frustules with nitzschioid symmetry, lanceolate with
a convex raphe side and clearly undulated opposite
side of the valve (Figure 2–12, 20). Valves with rostrate
to capitate ends, apically asymmetrical (Figure 2–11),
sometimes slightly heteropolar (Figure 3, 4, 10) with
convex primary side, but sometimes with undulated
abvalvar edge of mantle (Figure 12, 23), and conspicu-
ously undulated secondary side (Figure 2–12, 20).
Length 30.5–50.4 µm, width 4.5–6.0 µm, fibula density
6–10 in 10 µm, stria density 30–35 in 10 µm (n = 15).
Raphe eccentric, situated along an unornamented hya-
line area, distinctly elevated on a keel with respect to the
valve face and mantle (Figure 12–16). Raphe slit con-
tinuous at central nodule (Figure 12, 14), curved toward
mantle at both distal extremes (Figure 15, 16) and
internally ending in raised helictoglossa (Figure 19,
20). Fibulae round to square, irregularly spaced at cen-
tral nodule, with valve face base extending onto 2–4
virgae (Figure 2–11, 17–22). Fibula at central nodule
wider. Striae barely visible in LM, composed of round to
transapically elongated areolae (Figure 12–22), contin-
uous from valve face to the secondary side of mantle,
but interrupted by the hyaline area of the keel on the
primary side. Areolae unevenly spaced due to variability
in vimen length (Figure 12–16, 18–22), and internally
occluded by hymens (Figure 18–22). Girdle bands open,
ligulate and with a recessed pars interior to accommo-
date the valve mantle or the previous girdle element
(Figure 23–26). Copula narrower, bearing a single row
of poroids located on the transition between pars inter-
ior and exterior (Figure 23–26). Valvocopula with one
row of ca. round poroids on pars interior located on the
valve secondary side, and two rows, one of elongated
and another of ca. round pores, positioned on both
sides of the transition between pars interior and exterior
on primary (raphe) side of the valve (Figure 24).

Holotype
Slide BR-4564, Botanic Garden Meise, Belgium (BR).
The holotype is represented by Figure 2 herein.

Isotypes. ZU11/27 and ZU11/28, Hustedt
Collection, Bremerhaven (ZU), not illustrated herein.

Type locality
The new species was found in a spring feeding the
small creek Barranco do João Dias, Alentejo region,
Portugal (Figure 1), coordinates 37º 51ʹ 17.75” N, 7º
18ʹ 00.52” W, Collected by E.A. Morales on
16 January 2018.

Etymology
The species epithet makes reference to the Portuguese
southern region of Alentejo, which name etymologi-
cally translates as “beyond the Tagus River”.

Associated diatom species
Nitzschia transtagensis was found growing on mosses in
a spring feeding a small watercourse called Barranco de
João Dias. The relative abundance ofN. transtagensiswas
0.6%, the taxa richness was 33, and the value of the
Shannondiversity indexwas 3.45. The associateddiatoms
co–occurring with this taxon were Achnanthidium min-
utissimum (Kützing) Czarnecki (33.1%), unidentified
Gomphonema (16.1%) and Pinnularia (10.6%) species,
Nitzschia cf. inconspicuaGrunow (6.8%),Nitzschia palea-
cea (Grunow) Grunow (6.1%), Humidophila contenta
(Grunow) R.L.Lowe et al. (4.2%), Nitzschia amphibia
Grunow (4.2%) and Nitzschia inconspicua Grunow
(3.8%). From these, there is no information yet about
the ecological requirements of the unidentified
Gomphonema and Pinnularia species, N. cf. inconspicua
and Humidophila contenta. From the remaining taxa,
only A. minutissimum has high sensibility value (5.0), is
circumneutral, nitrogen autotrophic tolerating elevated
concentrations of organically bound nitrogen, β-
mesosaprobous and requires continuously high dissolved
oxygen concentrations. Whilst N. paleacea, N. amphibia
and N. inconspicua present lower sensibility values (2.5;
2.0, and 2.8, respectively), are considered alkaliphilous
(pH>7), are facultatively or obligately nitrogen-
heterotrophic taxa, needing periodically or continuously
elevated concentrations of organically bound nitrogen,
require moderate dissolved oxygen concentrations
(>50% sat. O2) and are α-mesosaprobous (Van Dam
et al. 1994) retrieved from the 2013 OMNIDIA v. 5.5
(Omnis Software, Inc.) database (Lecointe et al. 1993).
The presence of these taxa more tolerant to organic
contamination leads to an SPI index value of 14.2.

Nitzschia transtagensis was also identified from two
other streams in southern Portugal: Lampreia stream
(Guadiana basin), on 29 March 2017 and in Valverde
stream (Sado basin) on 30 March 2017. However, in
these sites, it was only identified in the qualitative survey
and did not appear along counting transects.

BOTANY LETTERS 3



Physical and chemical characteristics of the spring
water
The stream fed by the spring presented, at the time of
collection of the type material, 21.3 ºC, pH moderately
alkaline (8.4), high DO saturation (80.9%), low EC
(237 μS cm−1), low TN (2.04 mg N L−1), NO3 (0.89 mg
NO3 L−1) and NO2 (0.003 mg NO2 L−1) concentra-
tions; low PO4 concentration (0.4 mg PO4 L−1).
However, the TP concentration (1.44 mg P L−1) is
above the limit (≤0.13 mg P L−1) for the “good”

ecological status classification for small streams in
southern Portugal (type S1 <100 km2), according to
the Water Framework Directive.

Additional sampling of the spring, carried out on
15 November 2018, yielded a neutral pH (7.2), med-
ium DO saturation (58.7%), EC of 337 μS cm−1, low
concentrations of TN (2.42 mg N L−1), NO3 (6.99 mg
NO3 L−1) and NO2 (0.003 mg NO2 L−1), low PO4

concentration (0.1 mg PO4 L
−1), but high TP concen-

tration (0.92 mg P L−1). These fall measurements

Figure 2-12. Nitzschia transtagensis. LM and SEM from type material. Figure 2–10. LM photographs from slide BR-4564. Valve views
showing convex primary side and undulated secondary side. Figure 11. LM. Girdle view showing wavy girdle bands. Figure 12. SEM.
Tilted and external view of a valve showing continuous raphe running along a suspended hyaline area, and pattern of areolation.
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indicate that water chemistry is variable at the type
locality. Since the highest number of valves of the new
taxon was found in January, winter conditions are
probably closer to the optima it requires.

Discussion

Nitzschia transtagensis belongs to the Lineares section
sensu Krammer and Lange-Bertalot (1988). The char-
acteristics that the new taxon shares with members of

Figure 13-20. SEM images of Nitzschia transtagensis from type material. Figure 13, 15, 16. External views of distal ends showing
features of the raphe, areolae, hyaline suspended area and valve face and mantle. Figure 14. External view of the central area
showing continuous raphe. Internal views of whole (17) and distal ends of valves. Notice position of hymens occluding the areolae,
fibulae, raphe canal and the helictoglossa.

BOTANY LETTERS 5



that section are that valves are not sigmoid (Figure 10),
no transapical costae are present (Figure 2–11) and
thus the fibulae do not extend onto the valve face
(Figure 17–22). The new species also lacks
a conopeum (Figure 12–16) and the valve apices are
rostrate to capitate with the keel fully eccentric.
Although there could be a slightly wider separation
of fibulae at the valve center in the new taxon (Figure
17, 21), denoting the central nodule, the raphe slit is
continuous (Figure 14).

The apical asymmetry with an undulated pattern on
the secondary side of N. transtagensis has not been
reported for any other taxon. In the case of Nitzschia
sinuata (Thwaites) Grunow both the primary and

secondary sides are wavy and in Nitzschia brevissima
Grunow there is a middle constriction that produces
two swollen areas from the center of the valve to its
apices on each side of the valves (Krammer and Lange-
Bertalot 1997) (Table 1). However, the structure of
both of these diatoms is very different from that in
the new species. Nitzschia sinuata belongs to the
Grunowia section (Krammer and Lange-Bertalot
1988), which is now recognized as a separate genus
from Nitzschia (Kociolek 2018), though a type still
needs to be chosen for it (Guiry and Guiry 2019).
Nitzschia transtagensis has a central nodule only visi-
ble in internal view (Figures 17 and 21) and denoted
by a wide fibula; a central nodule is absent in

Figure 21–26. SEM images of Nitzschia transtagensis from type material. Figure 21, 22. Close internal views of hymens and fibulae.
Notice thick structure of the valve in the broken portion of Figure 22. Figure 23–26. Views of the girdle (Figure 24 and 25 are close-
ups of 23). Notice apically asymmetric copulae (arrow in Figure 24) and copulae bearing a single row or pores (arrows in Figure 26).
Figure 24 also shows close contact of valves of two continuous cells.

6 E. A. MORALES ET AL.



N. sinuata. The extended fibulae over the valve face in
inner view are absent in N. transtagensis and the striae
are denser and composed of narrower areolae than in
N. sinuata.

On the other hand, Nitzschia brevissima belongs to
the Obtusae section (Krammer and Lange-Bertalot
1988). The valve ends are short, generally rostrate,
with strong middle valve constriction that results in
a wide concavity on the primary side of the valve and
a slight to absent concavity on the secondary side.
Valves are sigmoid and the central nodule is not only
evident in the separation of the fibulae, but also in the
discontinuity of the raphe (Krammer and Lange-
Bertalot 1997). The multiple undulations on the sec-
ondary valve side and the convex primary side of
N. transtagensis (Figure 2–9) are absent in
N. brevissima, while the concavity of the primary
side present in the latter is absent in N. transtagensis.
The new species is not sigmoid and, as stated before,
the central nodule only shows a wider spacing of the
fibulae, but not a discontinuity of the raphe.

The new species (except for the apical asymmetry)
resembles species such as Nitzschia vitrea G.Norman, N.
vitrea var. salinarumGrunow, andN. hierosolymitanaD.
G.Mann, but none of them has a wavy secondary valve
side and a primary abvalvar mantle edge (Mann 1980;
Krammer and Lange-Bertalot 1988; Stenger-Kovács and
Lengyel 2015) (Table 1). As in the three taxa mentioned
above, N. transtagensis has square to rectangular fibulae,
with square to round interfibular spaces. Also, the three
taxa have round to elongated areolae delimited by
vimines of varying lengths. Likewise, the three taxa have
a raphe that is elevated along a hyaline keel. We have not
been able to find high magnification SEM images of the
valve interior and central areas of N. vitrea, its var. sali-
narum orN. hierosolymitana, thus we can not determine
if there is also a resemblance with the new species regard-
ing the inner position of hymens and the continuous
character of the raphe.Mann (1980) presented two exter-
nal SEM images of N. vitrea in girdle view, partially
showing the cingulum. From these images, it can be
noticed that the girdle elements are open, ligulated, and
that the valvocopula is perforated and larger. Also, it is
noticeable that none of the elements in N. vitrea are
undulated, therefore, the wavy feature of the cingulum
ofN. transtagensis seems to be a unique featurewithin the
group (Table 1).

Regarding the asymmetry in the structure of girdle
elements, it is known that copulae and valvocopulae
may have different structures in other nitzschioids, as
it happens in Nitzschia bizertensis Smida, Lundholm,
Hlaili & Mabrouk, in which the copulae bear one row
of pores, while the valvocopula has two (Smida et al.
2014). Also, Nitzschia navis-varingica Lundholm &
Moestrup has valvocopulae with 2–3 rows of pores,
while the copulae may have 1–2 rows, possess scat-
tered pores or lack them altogether (Lundholm and Ta
bl
e
1.

Co
m
pa
ris
on

of
N
itz
sc
hi
a
tr
an
st
ag
en
sis

w
ith

cl
os
e
m
or
ph

ol
og

ic
al
re
la
tiv
es

w
ith

in
th
e
Li
ne
ar
es

se
ct
io
n.

Fe
at
ur
e

N
.t
ra
ns
ta
ge
ns
is

N
.e
br
oi
ce
ns
is

N
.a
ff
.e
br
oi
ce
ns
is

N
.h
ie
ro
so
ly
m
ita
na

N
.v
itr
ea

N
.v
itr
ea

va
r.
sa
lin
ar
um

Le
ng

th
;w

id
th

(µ
m
)

L:
30
.5
–5
0.
4;
W
:4
.5
–6
.0

L:
32
–4
0;
W
:4
–5

L:
34
–4
5;
W
:

4.
5–
4.
8

L:
25
–4
5;
W
:5
–6

L:
30
–2
00
;W

:9
.5
–1
4

L:
30
–8
5;
W
:5
–9

St
ria
e,
fi
bu

la
e

an
d
ar
eo
la
e

in
10

µm

St
r.:
30
–3
5;
Fi
b.
:8
–1
0;
Ar
.:
35
–4
5

St
r.:
28
–3
0;
Fi
b.
:7
–8
;

Ar
.:
26

St
r.:
26
;F
ib
.:
ca
.9
;

Ar
.:
23
–2
5

St
r.:
33
–3
5;
Fi
b.
:2
.5
–5

St
r.:
20
–2
2;
Fi
b.
:4
–8

St
r.:
25
–3
0;
Fi
b.
:5
–7

O
ut
lin
e

Co
nv
ex

pr
im
ar
y
si
de

w
ith

sl
ig
ht
ly

un
du

la
te
d
ab
va
lv
ar

ed
ge

of
m
an
tle
,

un
du

la
te
d
se
co
nd

ar
y
si
de

Co
nv
ex

pr
im
ar
y
si
de
,

co
nv
ex

to
st
ra
ig
ht

se
co
nd

ar
y
si
de

Co
nv
ex

pr
im
ar
y

si
de
,u
nd

ul
at
ed

se
co
nd

ar
y
si
de

Co
nv
ex

pr
im
ar
y
si
de
,c
on

ve
x
to

st
ra
ig
ht

se
co
nd

ar
y
si
de

Co
nv
ex

pr
im
ar
y
si
de
,c
on

ve
x
to

st
ra
ig
ht

se
co
nd

ar
y
si
de

Co
nv
ex

pr
im
ar
y
si
de
,

co
nv
ex

to
st
ra
ig
ht

se
co
nd

ar
y
si
de

Ci
ng

ul
um

D
im
or
ph

ic
w
ith

ap
ic
al
ly
as
ym

m
et
ric

va
lv
oc
op

ul
a.
Al
le
le
m
en
ts
op

en
U
nk
no

w
n

U
nk
no

w
n

D
im
or
ph

ic
,v
al
vo
co
pu

la
cl
os
ed
,n
ot

ap
ic
al
ly
as
ym

m
et
ric
,

be
ar
in
g
a
si
ng

le
ro
w
of

po
re
s
an
d
fr
in
ge
d
ab
va
lv
ar

ed
ge
.A

ll
ot
he
r
el
em

en
ts
op

en

Va
lv
oc
op

ul
a
la
rg
er
,b
ut

ca
n
no

t
be

de
te
rm

in
ed

to
be

di
m
or
ph

ic
ba
se
d
on

av
ai
la
bl
e

in
fo
rm

at
io
n.
Al
le
le
m
en
ts
op

en

U
nk
no

w
n

Re
fe
re
nc
e

Th
is
st
ud

y
La
ng

e-
Be
rt
al
ot

et
al
.

(2
00
3)

La
ng

e-
Be
rt
al
ot

et
al
.(
20
03
)

M
an
n
(1
98
0,
al
so

as
H
an
tz
sc
hi
a
fe
ne
st
ra
ta

H
us
te
dt
)

Kr
am

m
er

an
d
La
ng

e-
Be
rt
al
ot

(1
98
8)
;L
an
ge
-

Be
rt
al
ot

et
al
.(
20
03
)

Kr
am

m
er

an
d
La
ng

e-
Be
rt
al
ot

(1
98
8)

BOTANY LETTERS 7



Moestrup 2000). Mann (1980) showed that
N. hierosolymitana also has dimorphic girdle bands.
The valvocopulae in this species are closed, have
a single row of pores and are fringed along their
abvalvar perimeter, while the open copulae bear
a single row of pores and are not fringed. Mann
(1980) also showed that the row of pores in all ele-
ments is located on the pars interior so when the girdle
is intact they are unnoticed. Nitzschia transtagensis in
turn, has girdle elements that are open all less silicified,
but the pores in all are located in the pars interior as in
N. hierosolymitana (Figure 23–25).

Nitzschia transtagensis, besides having dimorphic
girdle elements, also exhibits an apical asymmetry in
the valvocopula with one row of pores on the portion
attached to the valve secondary side and two rows
present on the portion attached to the primary valve
side (Table 1, Figure 23, 24). As far as we know, this
feature is also unique to this species and constitutes
the first report of an apically asymmetric valvocopula
within the Bacillariaceae. However, this uniqueness
has to be confirmed by close inspection of the cingu-
lum in the Dubiae and Bilobatae sections of Nitzschia
species.

Lange-Bertalot et al. (2003) reported Nitzschia (aff.)
ebroicensis R.Maillard from Sardinian pools. Their
Figure 11–13 (pl. 97) coincide with what we are pre-
senting here asN. transtagensis. Both populations have
a convex primary side and an undulated secondary
side. Length and width of the valves (34–45 µm and
4.5–4.8 µm in the aff. ebroicensis against 30.5–50.4 µm
and 4.5–6.0 µm in N. transtagensis, respectively) over-
lap in both, and the features of the fibulae (9 in aff.
ebroicensis against 8–10 in the Portuguese taxon) and
interfibular spaces are also similar. Regarding the stria
density, however, the aff. ebroicensis from Sardinia is
coarser (26 in 10 µm against 30–35 in 10 µm in
N. transtagensis). Additionally, the punctae are also
coarser in the Sardinian population (23–25 in 10 µm
against 35–45 in 10 µm in the Portuguese population)
(Table 1).

We agree with Lange-Bertalot et al. (2003) that the
Sardinian population is not N. ebroicensis for all the
arguments they exposed (e.g. difference in valve out-
line and dimensions) and that what they called N. aff.
ebroicensis should be considered as a new taxon. They
did not erect a new species since they considered they
lacked sufficient information, but with the informa-
tion we collected from Portugal, we consider that it is
now possible to include the Sardinian population
within N. transtagensis. However, since there are dif-
ferences in stria and puncta density, the Italian popu-
lation could be kept as a separate variety. Since the
locality and sample information in Lange-Bertalot
et al. (2003) is not clear, the erection of the new variety
is postponed until more information is available.

Acknowledgments

We thank Dr. Saúl Blanco for guidance regarding the name
of the new species.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Funding for this research was partly provided the European
Union through the European Regional Development Fund,
framed in COMPETE 2020 (Operational Programme
Competitiveness and Internationalization), through the
ICT project (UID/GEO/04683/2013) with reference POCI-
01-0145-FEDER-007690, the Alentejo Observation and
Prediction Systems - ALOP project (ALT20-03-0145-
FEDER-000004), and the Agência Portuguesa do
Ambiente, APA-00004DFIN.AALP/2017 integrated within
the Operational Program for Sustainability and Efficiency in
the Use of Resources 2014-20, POSEUR-03-2013-FC
-000001. Co-funding was provided by in the framework of
the DIATOMS project (LIST - Luxembourg Institute of
Science and Technology).

Notes on contributors

Eduardo A. Morales Contribution: Fieldwork, LM analysis,
discovery of the new species, paper project designer and
promoter, writing and development of the manuscript.

Carlos E. Wetzel Contribution: SEM analysis, plates, discus-
sion of results and development of the manuscript.

Maria Helena Novais Contribution: fieldwork, sample pro-
cessing and preparation, data analysis and development of
the manuscript.

M. Manuela Morais Contribution: research project
designer, paper promoter and development of the
manuscript.

Luc Ector Contribution: Provision of literature, discussion
of results and development of the manuscript.

ORCID

Eduardo A. Morales http://orcid.org/0000-0001-5998-
4831
Carlos E. Wetzel http://orcid.org/0000-0001-5330-0494
Maria Helena Novais http://orcid.org/0000-0002-0870-
2221
M. Manuela Morais http://orcid.org/0000-0003-0482-
4309
Luc Ector http://orcid.org/0000-0002-4573-9445

References

APHA. 1995. Standard methods for the examination of water
and wastewater. 19th.Washington (D.C): American Public
Health Association, American Water Works Association,
and Water Pollution Control Federation.

8 E. A. MORALES ET AL.



Barber, HG, EY Haworth. 1981. A guide to the morphology
of the diatom frustule with a key to the British freshwater
Genera. Freshw Biol Assoc Sci Pub. 44:1–112.

Blanco, S, C Cejudo-Figueiras, I Álvarez-Blanco, E Bécares,
L Hoffmann, L Ector. 2010. Atlas de las diatomeas de la
cuenca del Duero. Léon: Universidad de León, Área de
Publicaciones; p. 382.

Cantoral-Uriza, EA, M Aboal Sanjurjo. 2008. Diatomeas
(Bacillariophyceae) del marjal Oliva-Pego (Comunidad
Valenciana, España). Anales del Jardín Botánico de
Madrid. 65(1):111–128. doi:10.3989/ajbm.2008.v65.i1.249

Cardoso, RM, PMM Soares, DCA Lima, A Semedo. 2016.
The impact of climate change on the Iberian low-level
wind jet: EURO-CORDEX regional climate simulation.
Tellus. 68(1):29005. doi:10.3402/tellusa.v68.29005

Cemagref. 1982. Etude des méthodes biologiques quantita-
tives d’appréciation de la qualité des eaux. Pierre-Bénite:
Rapport Division Qualité des Eaux Lyon - Agence
financière de Bassin Rhône-Méditerranée-Corse.

Cox, EJ. 2012. Ontogeny, homology, and terminology – wall
morphogenesis as an aid to character recognition and char-
acter state definition for pennate diatom systematics.
J Phycol. 48(1):1–31. doi:10.1111/j.1529-8817.2011.01081.x

Cox, EJ, R Ross. 1981. The striae of pennate diatoms. In
R Ross, editor. Proceedings of the sixth symposium on
recent and fossil diatoms. Budapest, September 1-5, 1980.
Koenigstein: Otto Koeltz; p. 267–278.

Denys, L, H Lange-Bertalot. 1998. Observations on two taxa
of the section Nitzschiae Lanceolatae (Bacillariophyceae):
Nitzschia blankaartensis sp. nov. and N. bulnheimiana.
Nova Hedwig. 67(1–2):247–258.

Guiry, MD, GM Guiry. 2019. “AlgaeBase”. World-wide
electronic publication, National University of Ireland,
Galway. Accessed 2019 Jun 17. http://www.algaebase.org

Hamilton, PB, KR Laird. 2001. Nitzschia pseudosinuata sp.
nov., a new Holocene diatom from the sediment of Moon
Lake, North Dakota, U.S.A. Diatom Res. 16(2):317–324.
doi:10.1080/0269249X.2001.9705523

Hamsher, S, K Kopalová, JP Kociolek, R Zidarova, B Van de
Vijver. 2016. The genus Nitzschia on the South Shetland
Islands and James Ross Island. Fottea. 16(1):79–102.
doi:10.5507/fot.2015.023

Hlúbiková, D, S Blanco, E Falasco, J Gomà, L Hoffmann,
L Ector. 2009. Nitzschia alicae sp. nov. and N. puriformis
sp. nov., new diatoms fromEuropean rivers and comparison
with the type material of N. sublinearis and N. pura.
J Phycol. 45(3):742–760. doi:10.1111/j.1529-
8817.2009.00692.x

Hofmann, G, M Werum, H Lange-Bertalot. 2011.
Diatomeen im Süßwasser-Benthos von Mitteleuropa.
Bestimmungsflora Kieselalgen für die ökologische
Praxis. Über 700 der häufigsten Arten und ihre
Ökologie. Rugell: A.R.G. Gantner Verlag K.G.

INAG, IP. 2008. Manual para a Avaliação Biológica da
Qualidade da Agua em Sistemas Fluviais Segundo
a Directiva-Quadro da Água – protocolo de
Amostragem e Análise para o Fitobentos – diatomáceas.
Lisboa: Ministério do Ambiente, do Ordenamento do
Território e do Desenvolvimento Regional. Instituto da
Água, I. P; p. 35.

Khan-Bureau, DA, L Ector, EAMorales, EJ Wade, LA Lewis.
2017. Contrasting morphological and DNA barcoding
methods for diatom (Bacillariophyta) identification
from environmental samples in the Eightmile River in
Connecticut, USA. Nova Hedwig Beih. 146:279–302.
doi:10.1127/1438-9134/2017/279

Kociolek, JP. 2018. A worldwide listing and biogeography of
freshwater diatom genera: a phylogenetic perspective.
Diatom Res. 33(4):509–534. doi:10.1080/
0269249X.2019.1574243

Krammer, K, H Lange-Bertalot. 1986. “Bacillariophyceae 1.
Teil: naviculaceae. In H Ettl, J Gerloff, H Heynig,
D Mollenhauer, G F Verlag, editors. Süsswasserflora von
Mitteleuropa 2/1. Stuttgart (Jena): Gustav Fischer Verlag;
p. 876.

Krammer, K, H Lange-Bertalot. 1988. Bacillariophyceae 2.
Teil: bacillariaceae, Epithemiaceae, Surirellaceae. In
H Ettl, J Gerloff, H Heynig, D Mollenhauer, editors.
Süsswasserflora von Mitteleuropa 2/2. Stuttgart (Jena):
Gustav Fischer Verlag; p. 596.

Krammer, K, H Lange-Bertalot. 1991a. Bacillariophyceae 3.
Teil: centrales, Fragilariaceae, Eunotiaceae. In H Ettl,
J Gerloff, H Heynig, D Mollenhauer, editors.
Süsswasserflora von Mitteleuropa 2/3. Stuttgart (Jena):
Gustav Fischer Verlag; p. 576.

Krammer, K, H Lange-Bertalot. 1991b. Bacillariophyceae 4.
Teil: achnanthaceae. Kritische Ergänzungen zu Navicula
(Lineolatae) und Gomphonema. Gesamtliteraturverzeichnis
Teil 1–4. In H Ettl, J Gerloff, H Heynig, D Mollenhauer,
editors. Süsswasserflora von Mitteleuropa 2/4. Stuttgart
(Jena): Gustav Fischer Verlag; p. 437.

Krammer, K, H Lange-Bertalot. 1997. Bacillariophyceae 2.
Teil: bacillariaceae, Epithemiaceae, Surirellaceae. In
H Ettl, J Gerloff, H Heynig, D Mollenhauer, editors.
Süsswasserflora von Mitteleuropa 2/2. Stuttgart (Jena):
Gustav Fischer; p. 611.

Lange-Bertalot, H, P Cavacini, N Tagliaventi, S Alfinito.
2003. Diatoms of Sardinia. Rare and 76 new species in
rock pools and other ephemeral waters. Iconographia
Diatomologica. 12:1–438.

Lange-Bertalot, H,GHofmann,MWerum,MCantonati. 2017.
Freshwater benthic diatoms of central europe: over 800
common species used in ecological assessment. English edi-
tion with updated taxonomy and added species. edited by,
M Cantonati, M G Kelly, H Lange-Bertalot. Schmitten-
Oberreifenberg: Koeltz Botanical Books. p. 1–942.

Lecointe, C, M Coste, J Prygiel. 1993. “Omnidia”: software
for taxonomy, calculation of diatom indices and inven-
tories management. Hydrobiologia. 269/270:509–513.
doi:10.1007/BF00028048

Lobban, CS, MP Ashworth, JJM Calaor, EC Theriot. 2019.
Extreme diversity in fine-grained morphology reveals
fourteen new species of conopeate Nitzschia
(Bacillariophyta: bacillariales). Phytotaxa. 401
(4):199–238. doi:10.11646/phytotaxa.401.4.1

Lundholm, N, Ø Moestrup. 2000. Morphology of the mar-
ine diatom Nitzschia navis-varingica, sp. nov.
(Bacillariophyceae), another producer of the neurotoxin
domoic acid. J Phycol. 36(6):1162–1174. doi:10.1046/
j.1529-8817.2000.99210.x

Mann, DG. 1980. Hantzschia fenestrata Hust.
(Bacillariophyta) – Hantzchia or Nitzschia? Br Phycol J.
15(3):249–260. doi:10.1080/00071618000650241

Mann, DG. 1981. A new species of sigmoid Nitzschia
(Bacillariophyta). Isr J Bot. 30(1):1–10.

Morais, P. 2008. Reviewon themajor ecosystem impacts caused
by damming andwatershed development in an Iberian basin
(SW-Europe): focus on the Guadiana estuary. Int J Limnol.
44(2):105–117. doi:10.1051/limn:2008012

Morales, EA. 2015. On the synonymy of Nitzschia frustulum
var. subsalina, N. inconspicua and N. boliviana sensu
Trobajo et al. 2013. Acta Nova. 7(2):112–119.

BOTANY LETTERS 9

https://doi.org/10.3989/ajbm.2008.v65.i1.249
https://doi.org/10.3402/tellusa.v68.29005
https://doi.org/10.1111/j.1529-8817.2011.01081.x
http://www.algaebase.org
https://doi.org/10.1080/0269249X.2001.9705523
https://doi.org/10.5507/fot.2015.023
https://doi.org/10.1111/j.1529-8817.2009.00692.x
https://doi.org/10.1111/j.1529-8817.2009.00692.x
https://doi.org/10.1127/1438-9134/2017/279
https://doi.org/10.1080/0269249X.2019.1574243
https://doi.org/10.1080/0269249X.2019.1574243
https://doi.org/10.1007/BF00028048
https://doi.org/10.11646/phytotaxa.401.4.1
https://doi.org/10.1046/j.1529-8817.2000.99210.x
https://doi.org/10.1046/j.1529-8817.2000.99210.x
https://doi.org/10.1080/00071618000650241
https://doi.org/10.1051/limn:2008012


Novais, MH, D Hlúbiková, M Morais, L Hoffmann, L Ector.
2011. Morphology and ecology of Achnanthidium carave-
lense (Bacillariophyceae), a new species from Portuguese
rivers. Arch Hydrobiol Suppl Algol Stud. 136/137:131–150.
doi:10.1127/1864-1318/2011/0136-0131

Novais, MH, I Jüttner, B Van de Vijver, MM Morais,
LHoffmann, L Ector. 2015.Morphological variability within
the Achnanthidium minutissimum species complex
(Bacillariophyta): comparison between the type material of
Achnanthes minutissima and related taxa, and new fresh-
water Achnanthidium species from Portugal. Phytotaxa. 224
(2):101–139. doi:10.11646/phytotaxa.224.2.1

Reichardt, E. 1997. Taxonomische Revision des
Artenkomplexes um Gomphonema pumilum
(Bacillariophyceae). Nova Hedwig. 65(1–4):99–129.

Rimet, F, P Chaumeil, F Keck, L Kermarrec, V Vasselon,
M Kahlert, A Franc, A Bouchez. 2016. R-Syst::diatom:an
open-access and curated barcode database for diatoms
and freshwater monitoring. Database (Oxford). article
ID baw016. doi:10.1093/database/baw016

Rimet, F, L Kermarrec, A Bouchez, L Hoffmann, L Ector,
LK Medlin. 2011. Molecular phylogeny of the family
Bacillariaceae based on 18s rDNA sequences: focus on
freshwater Nitzschia of the section Lanceolatae. Diatom
Res. 26(3):273–291. doi:10.1080/0269249X.2011.597988

Round, FE, RM Crawford, DG Mann. 1990. The diatoms:
biology & morphology of the genera. Cambridge:
Cambridge University Press.

Rovira, L, R Trobajo. 2023. S. Sato, C. Ibáñez, and
D. G. Mann. 2015. “Genetic and physiological diversity
in the diatom Nitzschia inconspicua.”. J Eukaryot
Microbiol. 62(6):815–832. doi:10.1111/jeu.12240

Smida, DB, N Lundholm, WHCF Kooistra, I Sahraoui,
MV Ruggiero, Y Kotaki, M Ellegaard, C Lambert,
HH Mabrouk, AS Hlaili. 2014. Morphology and molecu-
lar phylogeny of Nitzschia bizertensis sp. nov.–A new
domoic acid-producer. Harmful Algae. 32:49–63.
doi:10.1016/j.hal.2013.12.004

Soares, PMM, RM Cardoso, DCA Lima, PMA Miranda.
2017. Future precipitation in Portugal: high-resolution
projections using WRF model and EURO-CORDEX
multi-model ensembles. Clim Dyn. 49(7–8):2503–2530.
doi:10.1007/s00382-016-3455-2

Stenger-Kovács, C, E Lengyel. 2015. Taxonomical and dis-
tribution guide of diatoms in soda pans of Central
Europe. Stud Bot Hung. 46(Suppl.):3–203. doi:10.17110/
StudBot.2015.46.Suppl.3

Trobajo, R, DG Mann, E Clavero, KM Evans,
P Vanormelingen, RCMcGregor. 2010. The use of partial
cox1, rbcL and LSU rDNA sequences for phylogenetics
and species identification within the Nitzschia palea spe-
cies complex (Bacillariophyceae). Eur J Phycol. 45
(4):413–425. doi:10.1080/09670262.2010.498586

Trobajo, R, L Rovira, L Ector, CE Wetzel, M Kelly,
DG Mann. 2013. Morphology and identity of some eco-
logically important small Nitzschia species. Diatom Res.
28(1):37–59. doi:10.1080/0269249X.2012.734531

Tudesque, L, F Rimet, L Ector. 2008. A new taxon of the
section Nitzschiae Lanceolatae Grunow: Nitzschia costei
sp. nov. compared to N. fonticolaGrunow,N. macedonica
Hustedt, N. tropica Hustedt and related species. Diatom
Res. 23(2):483–501. doi:10.1080/0269249X.2008.9705771

Van Dam, H, A Mertens, J Sinkeldam. 1994. A coded check-
list and ecological indicator values of freshwater diatoms
from The Netherlands. Neth J Aquat Ecol. 28(1):117–133.
doi:10.1007/BF02334251

Van de Vijver, B, L Ector, ME Beltrami, M de Haan,
E Falasco, D Hlúbiková, A Jarlman, M Kelly,
MH Novais, AZ Wojtal. 2011. A critical analysis of the
type material of Achnanthidium lineare W. Sm.
(Bacillariophyceae). Arch Hydrobiol Suppl Algol Stud.
136/137:167–191. doi:10.1127/1864-1318/2011/0136-
0167

Wallin, M, T Wiederholm, RK Johnson. 2003. Guidance on
establishing reference conditions and ecological status
class boundaries for inland surface waters. Luxembourg:
CIS (EU Common Implementation Strategy for the
Water Framework Directive) Working Group 2.3.

Xie, S-Q, T Li. 1994. A new diatom species of salt lake from
Shanxi Province. Acta Phytotaxonomica Sinica. 32
(3):273–274. in Chinese.

Zimmermann, J, N Abarca, N Enk, O Skibbe, W-H Kusber,
R Jahn. 2014. Taxonomic reference libraries for environ-
mental barcoding: a best practice example from diatom
research. PLoS One. 9(9):e108793. doi:10.1371/journal.
pone.0108793

10 E. A. MORALES ET AL.

https://doi.org/10.1127/1864-1318/2011/0136-0131
https://doi.org/10.11646/phytotaxa.224.2.1
https://doi.org/10.1093/database/baw016
https://doi.org/10.1080/0269249X.2011.597988
https://doi.org/10.1111/jeu.12240
https://doi.org/10.1016/j.hal.2013.12.004
https://doi.org/10.1007/s00382-016-3455-2
https://doi.org/10.17110/StudBot.2015.46.Suppl.3
https://doi.org/10.17110/StudBot.2015.46.Suppl.3
https://doi.org/10.1080/09670262.2010.498586
https://doi.org/10.1080/0269249X.2012.734531
https://doi.org/10.1080/0269249X.2008.9705771
https://doi.org/10.1007/BF02334251
https://doi.org/10.1127/1864-1318/2011/0136-0167
https://doi.org/10.1127/1864-1318/2011/0136-0167
https://doi.org/10.1371/journal.pone.0108793
https://doi.org/10.1371/journal.pone.0108793

	Abstract
	Introduction
	Material and methods
	Results
	Outline placeholder
	Description
	Holotype
	Type locality
	Etymology
	Associated diatom species
	Physical and chemical characteristics of the spring water


	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	References



